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NACA ATRCRAFT ENGINE RESEARCH LABORATORY

MEMORANDUM REPORT
for the
Alr Technical Service Command, Army Air Foroces
LABORATORY INVESTIGATION OF ICING IN THE CARBURETOR
AND SUPERCHARGER INIET ELBOW OF AN ATRCRAFT ENGINS
IV - TFFECT OF THROTTLE IESIGN AND METHOD QF
THROTTLE OFTRATION ON INDUCTION-SISTEM ICING
CHARACTERISTICS

By G. E. Chapman and B, D. Zlotowskl

SWMMARY

In order to eliminate the formation of ice on the carburetor
throttle plates of an ailrcreft-engine induction system, two modi-
ficatlons of the throttle design and a varletion in the method of
throttle operation of the twin-barrel injection carburetor wers
tested.

The effect of each modification was investigated under severe
loing conditlions at simulated engine conditions of normal rated
power, maximvm cruising power, and 6C-percent normal rated power.
Reversal of the throttle plates augmonted the formation of 1ice,
Electrically heated throttle plates were maintalned free of ice
under severe locing conditions by the application of 350 to 900 watts
of power to each plate, The operation of the throttles by the auto-
matlic menifold-pressure regulator did not prevent the formation of
ice but 1t did prevent the immedlate drop in air flow usually ocaused
by icing.

Limiting-icing conditions were esteblished for operation using
electrically heated throttle plates but the results of the tests
made on the other modification did not warrant the establishment of
limiting-icing curves.
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IRTRODUCTION

. As part of a general Investigation reguested by the Air Tech-
nical Service Command, Army Air Forces, of loe formation and elimi-
nation in the induction system of a fighter ailrplane, tests were
made to determine the effect of different throttle deslgns and method
of throttle operation on induction-system loing characteristics.
During previous laboratory loing tests of this twin-barrel injection
carburetor on an engine-stage supercharger assembly, a characteristic
ice accretion occurred on the edges and under sides of the carburetor
throttle plates. (See reference 1.) The ice formations were caused
by pseudoadisbatic exparsion of the alr stream through the carburetor
venturls and past the throttle edges and from refrigeration caused
by the evaporation of fuel, whioch eddled upstream to cool the under
slde of the throttle plates.

In order to eliminate some of the lclng that occurred in the
induction system, two throttle designs and a varlation in the method
of operating the throttles to malntaln air flow were tested at the
NACA Cleveland laboratory during the fall of 1944, The designs
included a throttle that opened toward the front instead of toward
the rear ss in the conventionasl lnstallation for this iInduction
system and a set of electrlcally heated throttle plates., The varia-
tion in operational method consisted in using en sutomatic manifold-
pressure rsgulator to operate the throttle during lclng conditlons.
In work done by the British Royal Alrcraft Establishment reported
in reference 2, oll-heated throttle plates were used for preventlon
of carburetor icing.

The range of conditions for which these modificatlons were
tested include runs made at simulated normal rated power, maximum
cruising power, and 60-percent rated power. The investligation
includes runs made under severe-icing conditions for all the sim-
ulated powers.

APPARATUS

The induction system investigated in these tests conslsted of
a twin-barrel injection carburetor mounted on an engine-stage super-
charger assembly. The supercharger impeller was drliven by & dyna-
mometer and induced the air flow through the cerburetor. The desired
conditions of temperature, pressure, and humlidity were controlled in
the alr stream in the ducting upstream of the carburetor (refer-
ence 3). Tests were made with two types of modified throttle and an
automatic manifold-pressure regulator,
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Reversed-opening throttle plates., - The conventional throttle
operation was so arranged that the tralling edge of the throttle
plate met the rear wall of the carburetor body in the closed posl-
¥ion,” " Til' openirg, the- plates -were rotated clockwise as seen from
the left side of the carburetor. The conventional throttle plates’
wore reversed in such a mannsr that the tralling edge of the plates
met the front wall of the carburetor body when in the closed posi-
tion and opened by rotating counter clockwlse, as seen from the
left side of the carburetor.

Hoated throttle plates, - Por the tests of the heated throttle
Plates, the conventiomal throttle butterfly valves were replaced.by
plates about one-sixteenth inch thicker than the conventional butter-
fly valves, each containing a 1000-watt heating element., The power
input was controlled by a variable transformer and measured by means
of a wattmeter, a voltmeter, and an ammeter, A thermocouple was
embedded In the surface of each plate one-third of the distance from
the trailing edge. A comparison of the heated throttle-plate
assembly with the conventicnal throttle-plate assembly 1s shown in
Tigure 1.

Automatic menifold-pressure regulator. - The automatic pressure
regulator type AA¥-AZ2 1is designed to maintain a selected manifold
pressure by regulating the carburetor throttle opening.

TEST FROCEDURE

The test procedure used 1n these teasts was similar to thet
established for the lcing tests described in reference 3. In gen-
eral, thie procedure involved the stabllization of the alr-stream
conditions of flow, humidity, temperature, and pressure. The appa-
ratus was operated under the simulated engine power conditlons
presented in table I for the 15-minute test perlod and readings of
fuel flow, alr flow, end air pressures were made at timed intervals.

A variation of this procedure was requlired for the heated
throttle plates., During the tests with the heated throttle plates,
the power was supplied to the plate before icing conditions were
established and the tempsrature of the plate was maintained between
150° end 33° F. In one test, heat was supplied to only one of the
throttle plates,

When the manifold-pressure regulator was used, a similar proce-
dure was followed except that the teésts were permitted to caontinue
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for periods of time varying from 15 minutes to 21 hours. The
manifold-preassure regulator could not be used In the teats that were
run at a simleted engine condition of 60-percent normal rated power
because the surarcharger back pressure was too low. In these tests,
the operation of the manifold-pressure regulator was simulated by
manually maintaining the back pressure at a constant valus through-
out the test.

RESULTS AND DISCUSSION

Reversed-opening throttle design. - Reversing the throttle
Dlates caused serious icing at temperatures and moisture contents
above those at which icing ocourred with conventional throttle
installation (fig. 2).

Elootrically heated throttle plates, - The effect of heated
throttle plates on the icing chairaocteristics of an alrcraft-engine
induction system at 60-percent rated power is shown in figure 3.
The dashed line is the upper limit for conditions of carburetor-air
tempsrature and humidity at which serious-icing conditlons form.
Use of the heated plates reduced the serious-licing range to the
1limit Indicated by the solid line,

In order to determine these limiting conditions, an input of
400 to 500 watts to eaoh throttle plate was used for carburetor-alr
temperatures of 29.5° to 50° ¥ and for humidities up to saturation.
Power input to the heating elements was increased with the rate of
free-water injection and varied from 500 to S00 watts for water-
injeotion rates of 100 to 1000 grams per minute., The effect of a
change in power input on alr-flow reduction between heated and
unheated throttle plates is shown in figure 4.

In two of the runs, amall formations of ice on the tips of the
throttle plates were noted. Such formations can be obssrved on the
under side of the throttle plates in figure 5, Light frost was
found on the upper side of the throttle plates at the center of the
carburetor in two runs. For other than these formations, ice-free
throttle plates were mainteined during all rums.

The lce formation in the supercharger inlet elbow in figure 5
i1s typlcal of the type that developed with the heated plates., Ice
also aocumulated in the space between the bottom of the carburestor
and the top of the supercherger-inlet-elbow ridb and extended outward
into the air streem. At the low throttls openings in several
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instences, the air flow was conslderably reduced by ice accretlons,
which had bullt up in the front part of the carburetor throttle
barrels, although the throttle pletes remained free of ice. An ice
formation that resulted when the left plate was unheated and the
right plate heated is shown in figure 6, With the heated throttle
plate maintaining an opening in the right throttle barrel, it was
poasible to lce the left throtile barrel until 1t was completely
filled with ice. A small ice formation can be seen on the unheated
throttle plate in figure 6.

The heated throttle plates did not alter the lcing character-
istics of the system at the rated-power conditions because the wider
throttle opening tended to keep the throttle plates free of ice and
to form restrioting ice in the supercharger inlet elbow. Several
runs made under serious-icing conditlions showed no appreciable change
in the icing characteristics at this simulated engine power,

Automatlic manifold-pressure regulator. - The operation of the
auntomatic manifold-pressure regulator did not prevent the formation
of serious icing. The opsration did, however, reterd the 2-perocent
drop 1n air flow for longer than the usual 15-minute period of oper-
ation, As the icing progressed, the throttles frequently became
frozen end the alr flow dropped as the ice continued to bulld wp.
Typical runs made with the manifold-preasure regulator controlling
the throttles are compared with test runs made under similar icing
conditions but with fixod throttle (fig, 7). The automatlioc menifold-
preasure regulator may produce e& dangerous ice condition bscause 1t
delays the appearance of icing sympboms until a large formation has
bullt up.

SUIMMARY OF RESULTS

From laboratory tests conducted to determine the effect of dif-
ferent throttle designs and a method of throttle opsration, the
following results were obtained, which are applicable only to the
modifications in throttle design and operation when incorporated in
a twin-barrel injection carburetor mounted on an engine-stage super-
charger assembly,

1. Reversal of the throttle plates in order to point the trail-

ing edges of the throttles toward the front of the air passage pro-
duced more severe icing than the conventional throttle arrangement.
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2. Ice was eliminated from the throttles under some of the most
severe lcing conditions by the epplication of 350 to 900 watts of
power to each plate.

3. The carburetor-engine combination allowed the formation of
ice on the carburetor and accessory-housing air-passage walls even
when the bthrottles were kept free of ice by heat, The carburetor
anl alr-passage walls would require the application of heat for more

camplete protection against sericus lcing.

4, The operation of the carburetor throttles by the automatic
manifold-pressure regulator did not prevent the formation of ice bub
did prevent the immediate drop in air flow usually ocaused by icing.

5. The automatic manifold-pressure regulator could not be
regarded as an ice-protection means because, when lcing proceeded
to the point at which manifold pressure and alr flow were affected,
the throttles were frozen in position and the engine performance
was adversely affected.

Aircraft Engine Research Laboratory,-
Rational Advisory Committes for Aeronautics,
Cleveland, Ohio.
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TABLE I - SUMMARY OF TEST CONDITIONS IN LABORATORY IRVESTIGATION OF

ICING CHARACTERISTICS OF ATRCRAFT-ENGINE INDUCTION SYSTEM

Engine [Fuel [Fuel Fuel-eir {Free- |Arvroximate|Approximate |Approximate
speed joctane |temper-|ratio water |carburetor |supercharger-|{alr flow
Power (rpm) |numter|ature |(approxi-|temper-|sop-deck outlet (1b/nr)-
(°F) |mate) ature |[rressure pressure
(°F) | (in. Eg (in. Hz
absolute ) absolute)
Normel 2600 62 40 0.095 40 27.80 43.5 TT700
rated
Maximum 2300 62 40 0.G80 40 27.80 35.0 STTS.
cruising .
60-percent | 2200 62 40 0.030 40 27.80 30.5 4620
normal i
rated .
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NACA
s C-7397
11-8-44
(a) Modified heated throttie {b) Conventional throttle
plate and hollow shaft. plate and shaft.
Figure 1. - Comparison of heated throttle plates and conven-

tional throttle plates.
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(c) Relative humidity, 100 percent;
water injection, 100 grams per
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(b) Relative humidity, 100 percent;
water injection, O grams per
minute; average watts per
plat'e, hso.
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(d) Relative humidity, 100 percent;
water injection, 1000 grams per
minute; average watts per
plate, 860.

Figure 4. -~ Comparison of air flow with time for icing tests made with heated
and unheated throttle plates at 80-percent rated power. Initial conditions:
air flow, 4620 pounds per hour; fuel-air ratio, 0.080; carburetor-air tem—

perature, 40° F.
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(b) lce formation on throttle-plate edges,
Figure 5. - Serious icing with heated throttle plates. Car-
buretor-air temperature, 35° F; relative humidity, 100 per-

cent; initial air flow, 4670 pounds per hour; fuel-air
ratio, 0.080; minimum air flow after I5 minutes, 4535 pounds
per hour; power input per plate, 500 watts.
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{a) Supercharger inlet elbow with ice completely
blocking left inlet; right inlet under heated

throttle plate open to passage of air.

(b) Carburetor bottom view with ice adhering to
tip of left unheated plate,

Figure 6. -~ Serious icing with left throttlie plate unheated

and right throttlie plate heated. Carburetor-air tempera-
ture, 34° F; relative humidity, 100 percent; initial air
flow, 4670 pounds per hour; fuel-air ratio, 0.080; min-
imum air flow after 3 minutes, 2000 pounds per hour; power
input to right plate, 600 watts; power input to left

plate, 0 watt; water injection, 600 grams per minute.
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(a) Carburetor-air temperature, 32° F; (b) Carburetor-air temperature, 40° F;
relative humidity, 100 percent; relative humidity, 100 percent;
engine speed, 2600 rpm; fuel-air water injection, 100 grams per
ratio, 0.095. minute; engine speed, 2300 rpm;
fuel~air ratio, 0.080.
5
1 0]
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~ O Manifold-pressure-regulator
C’o 40004 water injection, 500
gram/min
s
2 x Fixed-throttle water injec-
tion, 625 gram/min
30005 20 ) &0
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(c) Carburetor-air temperature, 40° F;
relative humidity, 90 percent;
engine speed, 2200 rpm; fuel-air ‘
ratio, 0.080,

Figure 7. - Comparison of effect on air flow of manifold-pressure-regulator
operation with fixed throttle operation under severe-icing conditions.
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